A 12-year old dog with a 9-year history of primary adrenal insufficiency was referred to the service for hyporexia, muscle weakness, polyuria and polydipsia. Ultrasound examination showed an unresectable mass in the left adrenal gland, with local vascular invasion, which prompted the euthanasia of the animal. Additionally, necropsy revealed a nodular lesion in the right adrenal gland and enlargement of one of the four parathyroid glands. Parathyroid hormone levels were elevated, but ionized and total calcium levels were normal. Histopathology supported the diagnosis of parathyroid chief cell adenoma and bilateral pheochromocytoma. Immunohistochemical staining was positive for synaptophysin, and negative for Melan-A and calretinin, which confirmed the diagnosis of pheochromocytoma. This case highlights an unusual presentation of multiple endocrine neoplasias within the context of primary adrenal insufficiency and normocalcemic primary hyperparathyroidism.
Introduction
Primary adrenal insufficiency (PAI), or Addison disease, develops mainly as a result of destruction or immune-mediated atrophy of the adrenal cortex (ScottMoncrieff, 2015) . In some isolated cases, PAI is caused by neoplastic invasion of the cortex . Although no causal relationship has been identified, in humans the development of a pheochromocytoma (PCC) in an adrenal gland with PAI was reported by García et al. (2008) . In humans, PCC can develop separately or as part of subtypes 2A or 2B of multiple endocrine neoplasia (MEN) syndrome (Brandi et al., 2001) . In both subtypes it is associated with medullary thyroid carcinoma, and subtype 2A also presents hyperplasia or parathyroid adenoma (PA). Although in the dog PCC is usually sporadic (single neoplasm), it has also been reported in the same neoplastic association as that present in the MEN 2A syndrome in two dogs (Peterson et al., 1982; Soler Arias et al., 2016) . A case of PCC in association with PA without medullary thyroid carcinoma in a 15-year old Yorkshire terrier was reported by Wright et al. (1995) . Unlike primary hyperparathyroidism, which involves hypercalcemia, normocalcemic primary hyperparathyroidism (nc-PHPTH) is a rare form of hyperparathyroidism only recently described in humans, which presents normal plasma levels of ionized and total calcium, elevated parathyroid hormone (PTH) concentrations and PA, with no secondary cause of hyperparathyroidism (Cusano et al., 2013; . In this case, we would like to highlight the unprecedented association of bilateral PCC and PA in the context of nc-PHPTH and longstanding PAI, which is, to the best of the authors' knowledge, the first report in dogs.
Case Details A 12-year old female Brittany Spaniel was referred for hyporexia, muscle weakness, polyuria and polydipsia. The animal had been receiving hormone replacement therapy (fludrocortisone and prednisolone) for PAI (Table 1 . Diagnosis) since age 3. The clinical signs on presentation were abdominal tenderness, fever (40.2°C), tachycardia (164 beats per minute), generalized weakness and progressive weight loss (4 kilograms in 2 years). Biochemical test results showed only increased levels of GPT (141 IU/l, Reference value [RV] : <50 IU/l), GOT (112 IU/l, RV: <50 IU/l) and SAP (1883 IU/l, RV: up to 300 IU/l) ( Table 1) . Systolic blood pressure was elevated (190 mmHg, RV: < 150 mmHg ), as measured by impulse oscillometry (petMAP™ classic, Ramsey Medical, Inc-Tampa, USA). Chest X-rays were normal. Abdominal ultrasound revealed a mass in the left adrenal gland (confirmed by necropsy, 4 cm in diameter) with tumor invasion of the abdominal phrenic vein (APV) and caudal vena cava (CVC), which prompted the decision of euthanasia http: //www.openveterinaryjournal.com E.A. Soler Arias et al. Open Veterinary Journal, (2017) , Vol. 7(4): 332-336 ________________________________________________________________________________________________________ (Fig. 1) , and a whitish nodule in the right adrenal gland (0.5 cm in diameter); macroscopically, thinning of the adrenal cortex was observed (Fig. 2) . The left cranial parathyroid gland was enlarged (0.7 x 0.6 cm) (Fig. 3) ; accordingly, PTH plasma determination was requested, together with a new assessment of total calcium (preeuthanasia sample). In this last sample, PTH (4.9 pmol/l, VR: 0.6-3.5 pmol/l) was elevated, while total calcium levels were still normal (2.58 mmol/l, VR: 2.25-2.87 mmol/l). Immediately after humane euthanasia, samples were taken from adrenal, parathyroid, thyroid and pituitary glands. All were fixed in 10% buffered formalin and stained with hematoxylin-eosin. Histopathologic examination showed the larger parathyroid gland was formed by cubic cells with low-grade pleomorphism, rounded hyperchromatic nucleus and finely granular cytoplasm. Cells formed tortuous trabeculae and packets supported by a delicate fibrovascular stroma with multiple capillaries containing numerous erythrocytes (Fig. 4) . The lesion was consistent with parathyroid chief cell adenoma. In both adrenal glands, the neoplastic tissue showed proliferation of large polyhedral cells with large, acidophilic, finely granular cytoplasm, rounded nuclei with dispersed chromatin and apparent nucleoli. Cells were organized in aggregates, forming irregular packets, delimited by a delicate fibrovascular stroma derived from a thicker fibrous capsule (Fig. 5) . The mitotic index was low (1-3 Figures per 400x field) .
In the right adrenal gland, in those areas not invaded by the neoplasia, traces of zona glomerulosa with atrophy of zona fasciculata and zona reticularis were observed (Fig. 5, smaller box) . The thyroid and pituitary glands were normal in histopathology.
http: //www.openveterinaryjournal.com E.A. Soler Arias et al. Open Veterinary Journal, (2017) Immunohistochemical procedures were performed in adrenal tissue, using the avidin-biotin complex (ABC) and the immunoperoxidase detection system (Millipore IHC Select®), while the chromogen 3.3'-diaminobenzidine (DAB) was used for development. The antibodies used are shown in Table 2 . For negative control, the primary antibody was replaced by non-immune IgG (Santa Cruz Biotechnology); for positive control, normal dog adrenal tissue was used. Quantification of the IHC staining was performed semi-quantitatively through the percentage of tumor cells stained positively per field. Staining intensity was subjectively classified as mild, moderate and intense. In more than 90% of the cells comprising both neoplasias, the cytoplasm was strongly positive to anti-synaptophysin antibody (Fig.  6 ). Negative staining with melan-A and calretinin ruled out the possibility of adrenocortical origin. On the other hand, lack of staining with anti-chromogranin was attributed to poor neoplastic differentiation. The histopathologic and immunohistochemical diagnosis of both adrenal lesions was consistent with PCC. The association between bilateral PCC and parathyroid chief cell adenoma in a dog with nc-PHPTH and long-standing PAI was confirmed. Discussion Ninety-five percent of cases of adrenal insufficiency in dogs are due to PAI . In the present case, endogenous adrenocorticotropic hormone (ACTH) and plasma aldosterone were not determined, but hyperkalemia and hyponatremia, together with poor cortisol response to exogenous ACTH stimulation test, supported the diagnosis of PAI . Measurement of baseline androstenedione and 17-hydroxyprogesterone before and after the administration of ACTH ruled out congenital adrenal hyperplasia (a form of PAI), since this disorder presents cortisol and/or aldosterone deficiency, but also elevated 17-hydroxyprogesterone and adrenal androgens levels (Castillo and Ortemberg, 2002) . Histopathology of the right section of the adrenal cortex (not affected by PCC) was consistent with PAI, since traces of zona glomerulosa and atrophy of zona fasciculata and zona reticularis were found .
http: //www.openveterinaryjournal.com E.A. Soler Arias et al. Open Veterinary Journal, (2017) , Vol. 7(4): 332-336 ________________________________________________________________________________________________________ This case, like the one reported by Wright et al. (1995) , shares strong similarities with MEN 2A syndrome, but the neoplastic association could not be included in that classification due to the absence of medullary thyroid carcinoma, which in humans shows a 100% penetrance (Peterson et al., 1982; Wright et al., 1995; Soler Arias et al., 2016) . On the other hand, in PCC and PAI report included in human literature, no association was found that could explain the concurrence of both entities (García et al., 2008) . In this case, the unusual association of an adrenal mass and PAI observed before the PCC diagnosis suggested the extra-adrenal origin of the neoplasia (metastasis), since coexistence of PCC and PAI had not been reported in dogs. However, since arterial hypertension was associated with an adrenal mass within the context of adrenal cortex destruction, a PCC was suspected. Immunohistochemical staining was strongly positive for anti-synaptophysin antibody (marker for neuroendocrine differentiation) and negative for melan-A and calretinin (adrenal cortical specific markers), which, together with the histopathological characteristics of both lesions, helped confirm the diagnosis of bilateral PCC (Ramos Vara et al., 2001; Zhang et al., 2003; . The left PCC was classified as malignant due to local APV and CVC invasion, although no metastasis was observed . This case, as in 75 to 85% of dogs with primary hyperparathyroidism, corresponds to a solitary adenoma, larger than 0.5 cm in diameter, diagnosed based on macroscopic and microscopic appearance, as well as plasma PTH concentrations . Nc-PHPTH was not suspected before euthanasia due to the absence of hypercalcemia, soft tissue calcification or lithiasis. Since at necropsy only one of the four parathyroid glands was increased in size, a PA was suspected . Although ionized calcium and total calcium levels were normal, the increase in size noticed at necropsy and the increase in plasma intact PTH led to the diagnosis of nc-PHPTH (Díaz Guerra et al., 2013; . In this case, it was not possible to rule out vitamin D deficiency as the cause of secondary hyperparathyroidism. However, this last disorder is usually associated with parathyroid hyperplasia in two or more glands, not with a solitary PA (Marchesi et al., 2001; Díaz Guerra et al., 2013; . In this case glucocorticoid replacement therapy was considered a possible explanation for normocalcemia, since it can cause a decrease in intestinal calcium absorption and renal reabsorption . In human medicine, nc-PHPTH, an entity that has received increased attention in recent years, has been postulated as an early form of hypercalcemic primary hyperthyroidism or as a result of peripheral resistance of tissues to PTH (Cusano et al., 2013) .
Finally, we consider the association between PCC and PA could be attributed to a form of MEN specific to dogs, which differs from human subtype 2A, due to absence of medullary thyroid carcinoma. In relation to nc-PHPTH, since this is the first report in a dog, further studies are needed that correlate levels of intact PTH, vitamin D and ionized and total calcium in animals with ultrasound evidence of alterations in the parathyroid gland.
